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(54) Adaptive illumination device, in particular vehicle headlight 

(57) Adaptive illumination device, in particular a 
vehicle headlight, able to emit a plurality of light beams 
with different preset characteristics (for example main 
beam, dipped beam, fog beam. etc.). the device includ- 
ing a light source of any kind, a first and a second trans- 
parent support arranged in front of the source and 
provided, respectively, with first and second optical ele- 
ments, a reflector arranged on the opposite side from 
the supports in order to direct towards the latter respec- 
tive light rays emitted by the source not directly towards 
them, actuator means for moving the supports relatively 
in front of the source, and a possible transparent protec- 
tion screen; the first optical elements are each defined 
by an individual microoptic and are arranged on the first 
support to form a first matrix of microcytics; the second 
optical elements are each defined either by a group of 
mutually differing microcytics arranged adjacent or by 
an individual microoptic having optical characteristics 
varying as a function of position, arranged to form on 
the second support a second matrix of microcytics cas- 
caded with the first ones; the first matrix generates a 
plurality of vergence-controlled microbeams which will 
be intercepted selectively at different points of the corre- 
sponding second elements of the second matrix conse- 
quent upon a relative shifting of the two supports, 
generating an overall beam defined by the summation 
of the microbeams as they emerge from the elements of 
the second matrix. 




< 

O 

o> 

CO 
CO 

r>- 

Q. 

LU 



SDOCID: <EP 0738904A1J > 



Primed by Rank Xerox (UK) Business Services 
2 13 8/34 



1 



EP 0 738 904 A1 



2 



Description 

The present invention relates to an adaptive illumi- 
nation device which is particularly useful for use as a 
vehicle headlight. 

It is known that in order to provide ideal illumination, 
the shaping of the light beam emitted by a headlight 
should be modified dynamically as a function of the con- 
ditions of travel of the vehicle, for example taking 
account of the speed, of the steering angle, of the incli- 
nation of the road and/or of the vehicle (this being linked 
with the tatter's conditions, of load), as well as of the 
meteorological conditions (fog. rain) and/or of external 
factors (illumination). For example, the simplest of such 
dynamical shapings is the passage from main beam to 
dipped beam when crossing with other vehicles. 

Currently, passage from one condition of illumina- 
tion to the other is obtained either using multiple illumi- 
nation devices (for example, main lamp, dipped lamp, 
fog lamp, etc.), or else using bulky, expensive and inflex- 
ible electromechanical devices, for example servo-sys- 
tems which rotate the whole headlight physically with 
respect to the bodywork in order to vary the direction of 
propagation of the beam on a bend or else to vary the 
conditions of load of the car; or else, servo mechanisms 
which act on full-aperture optics (i.e. acting on the 
whole of the beam) arranged in cascade. 

In the field of optics, furthermore, it is known to 
obtain a deflection at a preset angle of a monochromatic 
light beam through the use of two matrices of microop- 
tics arranged in cascade, and one of which is movable 
relative to the other matrix by means of piezoelectric 
actuators (W. Goltsoz and M. Holz. "Optical Engineer- 
ing" vol. 29. page 1392. 1990). A further known solution 
is that of the so-called "beam expanders", i.e. a pair of 
convergent/divergent (or vice versa) matrices of micro- 
optics arranged aligned along the optical axis one in 
front of the other, at a distance along the optical axis 
which can be controlled by actuators; the vergence of 
the beam obtained is varied by varying this distance. 
Here and in the following description "vergence" is 
understood to mean the angle of aperture of the beam 
(which, when it is equal to 0° defines collimated beams, 
all the rays being parallel, when it is greater than 0° 
defines divergent beams and. when it is less than 0°, 
defines convergent beams). On the other hand for "geo- 
metric characteristics" is to be intended the totality of 
the geometrical characteristics which govern the propa- 
gation of a beam, i.e. its direction, its inclination with 
respect to the optical axis of the illumination device, and 
its vergence. 

The above solutions, based on microoptics, how- 
ever, besides not exhibiting, apparently, the flexibility 
required to solve the problem, have never been applied 
to headlights or, in general, to the adaptive shaping of a 
beam, both monochromatic and polychromatic. 

The aim of the invention is to provide an adaptive 
illumination device, i.e. one capable of rapidly varying 
not only the vergence. but also all the other distribution 



parameters of an emitted light beam, in such a way as 
to be able to adapt, in the case of vehicle headlights, the 
light emitted to the conditions of travel and/or ambient 
conditions, using any single light source. The aim of the 

5 invention is also to provide a compact and reliable 
device which is relatively simple to construct. 

According to the invention there is therefore con- 
structed an adaptive illumination device, in particular a 
vehicle headlight able to emit selectively a plurality of 

10 light beams with different preset characteristics, of the 
type comprising a light source, a first and a second 
transparent support arranged in front of the source and 
provided, respectively, with first and second optical ele- 
ments, a reflector arranged on the opposite side from 

is the supports in order to direct towards the latter respec- 
tive light rays emitted by the source not directly towards 
the supports, and actuator means for moving the sup- 
ports relatively in front of the source; characterized in 
that the first optical elements are each defined by an 

so individual microoptic and are arranged on the f irst sup- 
port to form a first microoptics matrix able to generate, 
for each element a corresponding microbeam control- 
led in its overall geometric characteristics; in combina- 
tion, the second optical elements defining on the 

25 second support a second microoptics matrix arranged 
in cascade with the first; each said second optical ele- 
ment consisting either in an individual microoptic having 
optical characteristics varying over the area covered 
thereby, or in a group of preset number of mutually drf- 

30 fering microoptics arranged adjacent to one another, 
and being sized such as the said microbeams will be 
intercepted selectively at different points having differ- 
ent optical properties by the second elements conse- 
quent upon a relative shifting (translation, rotation or 

35 rototranslation) of the two supports, selectively generat- 
ing the said plurality of light beams, each of which 
results from the summation of the microbeams emerg- 
ing from the elements of the second matrix. 

Therefore, the second matrix of microoptics com- 

40 prises a number of microoptics greater than (or equal 
to) that of the first optical elements of the first matrix. In 
particular, the microoptics forming the said first matrix 
are all mutually identical microoptics or, at most, differ 
from one another, exhibiting exclusively predefined 

45 phase variations with respect to one another. Further- 
more, when each said second optical element forming 
the second matrix of microoptics is defined by a single 
microoptic this microoptic is an hybrid one, for instance 
it is a microoptic shaped at its edge and so sized to 

so comprise at least two zones apt to contribute to beam 
shaping in a different way. 

In this way, by means of suitable relative shiftings of 
the two supports, it is possible to cascade a plurality of 
mutually differing microoptics (or of regions having dif- 

55 ferent optical characteristics of one and the same com- 
plex microoptic) of the second matrix with each 
microoptic of the first matrix, thereby obtaining the gen- 
eration of a plurality of overall light beams also with 
mutually completely differing characteristics. 
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For example, by prearranging in the second matrix 
a suitable quantity of micromasks and of elements able 
to vary the intensity distribution of the beam, it wiD be 
possible to convert a main beam into a dipped beam or 
the latter into a fog beam. Similarly, by prearranging 
suitable deviating microoptics in the second matrix, it 
will be possible to vary the vergence of the beam leav- 
ing the device, in such a way as to follow a bend or a 
gradient 

Obviously, the variations in distribution and shape 
of the beam will be obtainable under the manual control 
of the user (tor example passing ^rom main to dipped . 
and vice versa), or else will be controllable automati- 
cally, for example by operating the actuator means 
through a central control unit connected to at least one 
of the following sensors: steering angle sensor, vehicle 
speed sensor, sensor of meteorological conditions, for 
example wetness of the road, visibility, etc 

Preferably, finally, the microoptics of the said first 
matrix are of a type each able to generate a microbeam 
having geometrical characteristics identical to those of 
at least one of the said beams with preset characteris- 
tics to be generated, and also control at least part of the 
intensity distribution of such a beam, the microoptics of 
said first matrix being of a type able to vary the intensity 
of each of the said microbeams individually. In this way, 
the tasks of shaping and distributing the plurality of 
beams which can be generated with the device of the 
invention become subdivided between the two matrices 
of microoptics, making it possible to perform with the 
second matrix solely intensity redistribution operations 
(which may go as far as the suppression of individual 
rays) or operations directing the microbeams generated 
by the first matrix. 

Further aims and advantages of the present inven- 
tion will emerge clearly from the following description of 
a few non-limiting exemplary embodiments thereof, 
given with reference to the figures of the attached draw- 
ings, in i 



Figure 1 represents a schematic view in elevation of 
a vehicle headlight made according to the invention 
and-oftecont^system; -* ' 
Figure 2 illustrates schematically a few alternative 
embodiments of a constructional detail of the 
device of Figure 1 ; 

Figures 3 and 4 exemplify two possible types of 
matrices of microoptics which can be used in the 
device of Figure 1 ; 

Figures 5, 6 and 7 illustrate three different types of 
optical element which can be used in the device of 
the invention; 

Figure 8a illustrates a portion of a matrix of rectan- 
gular microlenses; 

Figure 8b illustrates the far field pattern of the 
matrix of microlens described in Figure 8b; 
Figure 9a illustrates microoptics shaped with the 
typical periphery that defines the dipped output 
beam of a headlamp; 



Figure 9b is the far field on a screen at 25 m given 
by the array of Figure 9a sized 1 20 mm in diameter 
and illuminated by the beam emitted by an automo- 
tive incandescent source with an aluminium pro- 

5 tecting cover and a parabola with focal =15.88 mm 

and externa] diameter 116 mm; 
Figure 10a illustrates two matrices in cascade 
where the first matrix is composed of microlenses 
and the second matrix is composed of both micro- 

10 lenses and microprisms with the microlenses in 
position; 

Figure 10b illustrates the two matrices, of. Figure . , 
10a with a shift applied to the second matrix in such 
a way that the prisms are in position; 

is - Figure 11a illustrates a first matrix of microoptics 
located on annulus and Figure 11b illustrates the 
corresponding second matrix of microoptics where 
per each element of the first matrix there is a group 
of two microoptics which can be selected at differ- 

20 ent times; 

Figure 1 2 illustrates a portion of a matrix of monofo- 
cal lenses with different locals; and 
Figure 13 illustrates the variation of the divergence 
of the envelope beam exiting the two matrices start- 

25 ing from an F number of the overall system equal 2. 

With reference to Figures 1 and 2, indicated overall 
as 100 is an illumination device, in this instance a vehi- 
cle headlight, essentially comprising a casing (which is 

30 known but not illustrated for the sake of simplicity) inside 
which are arranged a light source 1 and a reflector 2, 
and which is closed externally (for example in a fluid- 
tight manner) by a transparent screen 6 arranged some- 
how in front of the reflector 2 and the source 1 . Accord- 

35 ing to the invention, furthermore, inside the aforesaid 
casing are also housed, again in front of the source 1 
and the reflector 2, but before the screen 6, two trans- 
parent supports 3 and 4, arranged aligned along the 
optical axis of the reflector 2, indicated as A, and each 

40 defined by a plane lamina made from a heat-resistant 
glass or plastic material; each support 3, 4 is delimited 
by a respective pair of surfaces or faces, indicated 
respective^ as 9a*for the support 3 and as 9b for the' 
support 4, arranged in series in front of the source 1 

45 with respect to the path of the light rays 7, 8 emitted 
thereby. 

In this instance, the reflector 2 is arranged on the 
opposite side from the supports 3, 4 with respect to the 
source 1 and is able to direct towards the faces 9a, 9b 

so respective light rays 8 emitted by the source 1 not 
directly towards the faces 9a, 9b. On the other hand 
these receive, directly, the rays 7 emitted by the source 
1 towards the supports 3. 4. According to the invention, 
two matrices 10, 1 1 (Figures 3 and 4) in cascade (with 

55 respect to the path of the rays 7 and 8) of optical ele- 
ments 12 and, respectively, 13. are arranged on either 
one of the faces 9a of the support 3 and on either one of 
the corresponding faces 9b of the support 4. 
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The light source 1 may be of any type, able to emit 
monochromatic, polychromatic, coherent partially 
coherent or fully incoherent light; for example it may be 
a filament (incandescent), gas, ion discharge or solid- 
state polymeric bulb, or consist of a laser; in the case in 
which there is no desire to utilize the direct rays 7, fur- 
thermore, the source 1 can be masked in a known way 
with an appropriate blanking hood arranged beside the 
supports 3. 4. The reflector 2 is conversely defined by a 
reflecting surface generated by revolving one or more 
base curves and, generally, is a conventional parabolic 
reflector; it is therefore extremely simple and economi- 
cal to construct Similarly, the outer transparent screen 
6 is preferably completely smooth and devoid of any 
optical function and can therefore be made in any shape 
(plane, curved, etc.) and arranged at any inclination, 
even very steep, with respect to the optical axis A. 

In case of necessity and/or having recourse to a 
favourable positioning, the screen 6 may however also 
be endowed with optical functions, for example of tradi- 
tional prismatics, or carry internally, on the side pointing 
towards the supports 3, 4, optical elements of the type 
of the elements 12, 13, however distributed and how- 
ever made on the support. For example, the matrices 
1 1 . 12 are preferably made directly on the faces 9a and 
9b by injection molding of plastics such as polycar- 
bonate or PMMA or according to a known technology 
are made on transparent polymeric film which is in turn 
applied as a liquid coating to the respective faces 9a 
and 9b of the substrate then UV polymerised on the 
substrate with the relieved master in position. Where the 
thermal load on the first matrix may be of concern the 
first matrix could be made on glass substrate; conven- 
tional stamping, dry and wet etching are usable as well. 

According to what is illustrated schematically in Fig- 
ures 2. 3 and 4, the optical elements 12 and 13 of the 
matrices 10 and 11 each consist either of an individual 
microoptic of any perimetral shape, or of a group 15 of a 
preset number, for example four, of microoptics, which 
are mutually identical or different from one another, 
arranged immediately adjacent to one another, of any 
perimetral shape, but however such as to be conjugate 
with the perimetral shape of the other adjacent microop- 
tics of the same group. The size of the elements in the 
two matrices defines the working principle of the optical 
components. When the size is several millimetres and 
for instance the microoptics are spherical lenses refrac- 
tion dominates, when the size is below 3 mm the effect 
of diffraction begins to be effective and the shape of the 
single microoptics becomes to be important for the final 
far field pattern to be obtained. It is a novelty of this 
invention to use such kind of hybrid effects to shape and 
chromatically correct polychromatic beam as well as 
monochromatic light beams. The elements in the two 
matrices have sizes such that diffraction at the periph- 
ery defining each element is a crucial part of the design. 
Such kind of hybrid optical components can be of sev- 
eral types for instance the single microoptics can be a 
spherical microlens whose centre works in refraction 



1 and the edge introduces diffraction. But it can be a high 
efficiency purely diffractive lens. In this case it can be 
supposed that the centra! part works like a refractive 
one while its periphery contributes by diffraction to 

5 define the shape of the exiting beam. In a more general 
sense hybrid optic is here intended as optical compo- 
nents, parts of a matrix, sized in such a way that the 
shape of the elements contributes to define the shape of 
the exiting pattern. An extreme case but a significant 

w one is the matrix of purely binary two levels diffractive 
lenses, if it is shaped rectangular with proper size and 
relief height it defines a rectangular uniform beam in the 
far field. The optical elements 12 forming the matrix 10 
(Figures 2c, 2d and 3) are each defined by an individual 

is microoptic. In this instance, the microoptics 12 forming 
the matrix 10 can all be mutually identical, for example 
aD microoptics of hexagonal shape 12c (Figure 2d) or 
else of elliptical shape 12b (Figure 2c), or else can be 
microoptics having the same perimetral shape but 

20 exhibiting predefined phase variations one with respect 
to another, for example can consist of multifocal and/or 
monofocal microlens es with different focal lengths 16. 
17, 18. 19, 20. 21. 22. etc.(shown schematically in Fig- 
ure 3). In every case, the microoptics making up the 

25 optical elements 12 are each able to generate a corre- 
sponding microbeam controlled in all its geometric char- 
acteristics (vergence etc.); for example (Figure 1) on 
passing through the matrix 10 the rays 7, 8 will generate 
respective collimated microb earns 23a and 23b, the first 

30 parallel to the optical axis A and the second inclined 
with respect to the axis A, respective divergent 
microbeams 24a, 24b at a different inclination with 
respect to the axis A and with a different "aperture" 
angle, and respective convergent microbeams 25a, 

35 25b. 

On the other hand (Figures 2a, 2b, 4) in the matrix 
1 1 each element 13 is formed by groups 15 of microop- 
tics of rectangular (Figures la, 4), rhombic (Figure 2b) or 
any other shape, able to intercept selectively, in different 

40 relative positions, the microbeams 23. 24, 25, etc. emit- 
ted by the matrix 10. Conversely, according to the 
embodiment of Figure 7, each element 73 consists of a 
singular complex microoptic 35 having optical charac- 
teristics varying over the area covered thereby, so as to 

45 be apt to intercept selectively microbeams 23, 24, 25 in 
different points of such area having different optical 
properties. In both cases, the optical properties of each 
optical element 13 of the matrix 11 are therefore 
dependent on the relative position of the matrix 1 1 with 

so respect to the matrix 10. According to embodiment of 
Figures 4, 5, 6 for each element 12 of the first matrix 
there is a group 15 of microoptics in the second matrix 
which form a multiple element 13; the periphery enclos- 
ing that group of elements is coupled both in shape and 

55 in size to the one of the single element of the first matrix: 
namely, it is the perimeter or shape and size of group 1 5 
that is equal to the single microoptics of the first array 1 0 
(see Figure 8 and Figure 9). Each optical element 13 is 
so formed by an identical group of four mutually differing 
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adjacent microoptics 3Q, 31 , 32, 33, or else by (Figures 
5 and 6) mutually different groups, for example 15a, 
1 5b. etc., of microoptics again all mutually different If as 
a special case the element of the first matrix is rectan- 
gularly shaped L x UN the element of the group corre- 5 
spending in the second matrix can be squared 
UN x UN . If N=3 there will be 3 different microoptics in 
the group making up the single element of the second 
array, if N=4 there will be 4 microoptics and more in gen- 
eral with N=1 ,2,3,4,5, .. any integer number limited by to 
technological aspects only. If the single element in the 
first array is squared Lx L each microoptics in the group 
can be squared UNxL/N with N=1 ,2,3,4,5. ..; with 
N=4 there will be N x N=16 different microoptics per 
each element in the first matrix. 1S 
Considering the first matrix Ak M as a whole with K x M 
elements we can indicate the single element with a^ 
with i=1,2,3,4 and J=1 .2,3.4 ... If the microoptics are 
all equal for instance rectangular sized L x H and the 
element in the corresponding group of the second 20 
matrix are all rectangular sized UN x H/S per each 
microoptics of the first matrix there are N x S different 
microoptics in the second array. 

For example the matrix 1 1 can contain one or more 
groups 1 5a each comprising four microoptics consisting 25 
of a multifocal lens 36. a multi-order grating 37, a mask 
38 and a hologram 39; or groups 15b comprising for 
instance four microoptics (which can be two. three, five, 
six, etc.) consisting of a prism 40, a multi-order lens 41, 
an aspherical lens 42 and a cylindrical lens 43. The 30 
group 15a or 15b is repeated all over the matrix 11 
equal to itself or for a better control of both beam shape 
and distribution and of the cromatism could be repeated 
with slightly different elements in their phase function. 

It is clear that, by virtue of the structure described, 35 
by moving the supports 3. 4 relatively, the relative posi- 
tion of the cascaded microoptics 12 and 13 is varied 
thereby causing the microbeams 23. 24, 25, etc. gener- 
ated by the matrix 10 to be intercepted selectively at dif- 
ferent points of the complex optical elements 13 40 
(Figures 6 and 7) having different optical characteristics, 
thereby generating, selectively (Figure 1), a plurality of 
overall - light beams" 50 ? passing v througtr the screen e, 
each one of which results from the summation, coher- 
ent, incoherent or partially coherent, of respective 45 
microbeams 51 emerging from the elements 13 of the 
matrix 11. 

To obtain correct operation, the optical elements 1 3 
forming the matrix 1 1 have to be present in a number 
greater or equal to that of the corresponding optical ele- so 
ments 12 of the matrix 10. and. in every case, each 
must have an area greater than that projected onto the 
matrix 1 1 by each of the corresponding microbeams 23. 
24. 25, etc. generated by the matrix 10, which projec- 
tions are represented schematically in Figures 6 and 7 ss 
with dashed and heavy solid lines respectively. In such 
a way, matrix 1 1 comprises always a number of micro- 
optics greater than (or at least equal to) that of elements 
12 of matrix 10. 



According to a further characteristic of the inven- 
tion, finally, the microoptics 1 2 making up part of the first 
matrix 10 are chosen of a type such that the 
microbeams 23, 24, 25, etc. generated by them each 
already have, as inherent geometrical characteristics, 
all those same geometrical characteristics which it is 
desired to obtain for at least one of the overall beams 50 
generated by the device 10. in combination with such a 
characteristic, the microoptics defining the optical ele- 
ments 13 of the second matrix will be chosen of a type 
also able to modulate in a preset manner, individually or 
contemporaneously, the microbeams intercepted by 
them in one or more of the following quantities: intensity, 
distribution and polarization. Consequently, the overall 
beams 50 produced by the device 10 will be generated, 
according to the invention, by the superposition of all 
the microbeams generated by the microoptics 12 and, 
possibly, modified in their characteristics other than 
those which are purely geometrical, by the microoptics 
13. 

Microoptics meeting this specification may be of the 
most disparate types; for example, each microoptic 
defining (or making up) a complex element 12 or 13 can 
be defined by a known individual optical element 
describable by a complex transmission function of ana- 
lytical type suitably discretized, or else of digital type (for 
example the elements 37 and 39 of Figure 5), in which 
the function describes the presence of binary codes 
defined by relieves (high/low), continous profiles or by 
barriers (pass/no-pass); therefore, the microoptics 
defining the complex elements 12. 13 may be' of pure 
phase, i.e. able to transmit all the incident light, or else 
of amplitude, i.e. which absorb or reflect a portion of the 
beam incident thereon; for example, the micromasks 38 
to be used in the matrix 1 1 can be structured micro- 
masks of the grey levels or amplitude binary type. 

For better control of the uniformity of the overall 
light beam, in the case of polychromatic sources 1, 
phasewise differing microoptics are used for the com- 
plex elements 12, as already described, for example 
ones which differ from one another only through the 
phase constant, which varies in relation to the position 
of the* microoptic* hv the' matrixr More generally? the ^ 
microoptics defining the elements 12 can be refractive 
microoptics, diffractive microoptics or hybrid refractive- 
drff ractive microoptics, whereas the microoptics defining 
the complex elements 1 3 will be exclusively of diffractive 
or hybrid refractive-diff ractive type; as already 
described, furthermore, the microoptics of the matrix 10 
can be shaped (Figure 2c, 2d. 8 and 9) to control not 
only the geometrical characteristics of the microbeams 
23, 24, 25, etc., but also, at least within certain limits, to 
vary the intensity of each microbeam individually, in 
such a way as to control, already with the matrix 10, at 
least part of the intensity distribution of the overall 
beams 50, since a definite shape of outline, combined 
with a definite type of microoptic already provides a pre- 
set divergence; hence the appropriate combination of 
the geometry of the microlenses with their optical char- 
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acteristics enables a modification of the shape and 
intensity of the individual microbeams to be obtained 
simultaneously. An example of rectangular microoptics 
is illustrated in Figures 8a and 8b. A further example is 
illustrated in Figure 9a where the microoptics are 
shaped with a periphery that defines the typical dipped 
beam of a headlamp. The periphery is inscribed in a 
rectangle size 2.5 mm x 1 .2 mm. The corresponding far 
field pattern is illustrated in Figure 9b. 

Specific types of microoptic which are preferred in 
order to embody the invention comprise two-level or 
multilevel or continuous relief, pure phase binary diffrcic- 
tive elements, of the computer-generated hologram 
type, prismatic elements of diffractive or microrefractive 
type and. specifically for the microoptics of the matrix 
10. diffractive. refractive or hybrid general aspherical 
elements. 

According to a preferred and important variant of 
the invention, one of the microoptics making up each 
group 1 5 of the matrix 1 1 is made as an element of the 
computer -generated hologram type (such as 39 of Fig- 
ure 5) shaped in such a way as to vary the state of 
polarization of the microbeams intercepted by it; this 
variant is particularly useful for devices 10 intended to 
be used as headlights: in this way. in fact, by moving 
either the support 4 or 3 in such a way as to intercept 
with these elements all the microbeams generated by 
the matrix 10 it is possible to attenuate or prevent daz- 
zling when crossing while preserving beams having 
high luminous intensity. According to requirements, 
some of the microoptics of the matrix 1 1 can also con- 
sist of plane transparent elements of the window type, 
so as not to vary the characteristics of the microbeams 
intercepted by such elements. 

Preferred optical elements for embodying the 
microoptics of the matrices 10 and 11 are also sub- 
wavelength diffractive structures, otherwise known as 
zero-order diffractive structures, or else elements able 
to generate a high number of light spots, of the type: 
fanout gratings, multi-order gratings. Oammann grat- 
ings, and their generalizations having symmetrical or 
asymmetrical structures. In fact, these particular ele- 
ments make it possible to attenuate or solve, as will be 
seen, the problem of the generation of chromatic aber- 
rations in the overall beam, which are connected with 
the shifts in the wavelength distribution of the light rays 
produced by microoptics. Solutions of chromatic correc- 
tion are here considered as those per which at all 
angles of the far field both diffracted and rifracted rays 
overlap with relative intensities such as the beam has 
specified chromatic coordinate, i.e. white light. 

A first solution to the abovemerrtioned problem, 
consists in using for the matrix 10 microoptics exhibiting 
dispersive chromatic characteristics opposite to those 
of the corresponding microoptics of the matrix 1 1 ; so, for 
example, in conjunction with microoptics of diffractive 
type for the matrix 1 1 , it will be necessary to use micro- 
optics of exclusively refractive type for the matrix 10. A 
second solution to the problem is to be mindful that at 



least one of the two matrices 10. 1 1 consists exclusively 
of pure-phase microoptics of the kinoform type, of 
higher order than the first one. which consist of hybrid 
refractive-diffractive microlenses which are sufficiently 

5 thick to obtain refraction and are provided with relieves 
of different height arranged as a grating, to obtain dif- 
fraction. Kinotorms of order higher than four have been 
proved to be sufficiently adeguate for chromatic control 
of lighting devices. 

io A further solution to the problem is to use for either 
the matrix 10 or 11 microoptics of monofocal type, all 

„ differing from one another and distributed in the matrix 
in such a way as to correct the chromatic aberrations 
present in the overall beam 50. In this instance such as 

is to obtain a combination of white light through the effect 
of the coherent addition of the individual microbeams. 
Figure 12 is such an example of a matrix with monofocal 
lenses with different focals introduced to reduce the 
residual chromatic aberration; increased beam uniform- 

20 rty has been proved as well. 

Another possible solution is to use matrices of 
microoptics composed of diffractive multifocal elements, 
like the elements 16. 22 schematically illustrated in Fig- 
ure 3 and the real element 36 illustrated in Figure 5, this 

25 way. the microbeams generated, focused in multispots 
along the optical axis per each wavelength are recom- 
bined in the overall beam 50. 

A further solution, adaptable in the case described 
earlier of the use for the matrices 10. 11 of elements 

30 able to generate a high number of light spots, such as 
fanout, Dammarm. etc. gratings (Figure 5. element 37), 
is finally to use microoptics devised to produce a partial 
superposition between the light spots generated by the 
microoptics of the matrix 10 with those produced by the 

35 microoptics of the matrix 1 1 ; in fact, such partial super- 
position, if properly devised, produces a recombination 
of the chromatic aberrations present in the individual 
microbeams around preset wavelengths, in this 
instance white light. A description of the method of pro- 

40 ducing a very high number of spots is given for instance 
in the paper "Analytical initial approximation for multi- 
order binary grating design"; L Doskolovrtch et a! in 
Pure ed Applied Optics.3 (1994) pages 921-930. 

In use, the support 3 is fixed with respect to the 

45 source 1 . whereas the support 4 is connected to an 
actuationer 5, which may be an actuator of any known 
type, for example an electromechanical, piezoelectric, 
polymorphic, magnetorestrictive. electrostatic trans- 
ducer, etc., able to move the support 4 relative to 3 in 

so accordance with one, two or more of the modes indi- 
cated by arrows in Figure 1 , for example to shift the sup- 
port 4 vertically and/or horizontally (i.e. perpendicularly 
to the plane of the sheet) (arrows 60 and 61, with 61 
being illustrated in perspective), to move the support 4 

55 away from/towards 3 parallel to the optical axis A (arrow 
64). or again to rotate the support 4 in such a way as to 
vary its inclination with respect to the optical axis A 
(arrow 65). In a preferred embodiment the microoptics 
are located in annulus such as those illustrated in Fig- 
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ure 11* Figure 11a represents the first matrix 10 and 
Figure 11b illustrates the second matrix 11 in cascade. 
Per each element 12 of the first matrix 10 there are 
group of two microcytics 15 forming a corresponding 
element 13 in the second matrix 11. The selection of 5 
one of the two being possible by a simple rotation of one 
of the matrix. Disposition of the microoptics on spirals 
are possible and easily implementable. 

These movements are controlled by operating the 
actuator 5 (or a series of actuators 5 each specialized to 10 
effect an individual movement described) by means of a 
central, control unit 80, which is able to receive com- 
mands from a user, via respective push-but- 
tons/switches which are not illustrated, or else signals 
from, for example, a sensor 81 of the steering angle, a is 
sensor 82 of vehicle speed, a sensor 83 of meteorolog- 
ical conditions (wetness, mist, etc.) so as to process 
them with a program stored in this facility, so as to gen- 
erate respective commands for the actuator 5. 

In every case, the relative movements between the so 
supports 3 and 4 (it is obviously possible also to move 
both the supports 3. 4 or else to keep 4 still and move 
only 3) determine relative shifts between elements 12 
and elements 1 3 which cause (Figures 6 and 7) one and 
the same microbeam produced by the matrix 10 to fall 25 
on different zones (at least two) of a corresponding 
complex (or hybrid) microoptic 35 of the matrix 11 
(microoptics shaped at its edge and sized such as said 
different zones are able to contribute in a different man- 
ner at the beam shaping), or on different microoptics of 30 
the same group 15 of the matrix 1 1 , or again, in the case 
in which the groups 1 5 are fewer in number than the ele- 
ments 12, straddling two cfifferent microoptics 42, 43 of 
one and the same group 15 of the matrix 11. In this 
fashion, each microbeam generated by the matrix 10 35 
can be "processed" and corrected by the matrix 11 in 
intensity, wavelength distribution and polarization in a 
plurality of different ways (in this instance, at least four 
different ones in the case of the matrix 1 1 formed by 
groups 15 of four elements and present in identical 40 
number to that of the elements 12), consequently gen- 
erating overall beams 50 with different distributional 
characteristics for -example* provided* with- cut-offs? see** f 
Figure 5 element 38 (therefore suitable to constitute 
anti-fog beams or dipped beams), having a different ver- 45 
gence (therefore able to illuminate one and the same 
sector differently). 

It is also clear that the control described may be 
accomplished not only in discrete mode, but also in con- 
tinuous mode, in which case, by using microoptics such so 
as 35, whose optical characteristics vary continuously 
over its area, it will for example be possible to vary the 
inclination (lateral and/or vertical) of the beam 50 con- 
tinuously as a function of the steering angle, so as. for 
example, to follow a bend by rotating the beam 50 as a 55 
function of the position of the vehicle on the bend. 



Performance of a typical preferred embodiment 

With reference to Figure 1 and Figures 9a, 9b using 
an aluminium protected coated parabola with focal 
F= 1 5.88 mm cut with an external exiting diameter of 1 16 
mm, a H1 source typically used in the automotive, a 
matrix of uncoated glass of microoptics shaped such as 
those in Figure 9a inscribed in a rectangle of 2.5 mm x 

I. 2 mm, and similarly with polycarbonate, the far field 
pattern (on standard screen at 25 m) is reported in Fig- 
ure 9b. The measured efficiency of the system, ratio of 
the fJux emitted by.thg sourpe and. the flux exiting Jd£ 
system, has been measured to be 72%. The use of 
sources with metallic covers simplify the control of the 
beam, in fact the amount of direct light is totally elimi- 
nated. 

For this sizes of the microoptics in the array the 
adaptability of the system is obtained by actuators of 
relatively modest accuracy, because resolution in the 
micron range is not needed, while stabilization to vibra- 
tions, and mechanical and thermal loads resistance is 
needed. Though several forms of low cost actuation are 
possible the most effective proved to be the conven- 
tional e/m step motor. Continuous e/m and piezo motors 
have been successfully experimented as well. 

In a typical solution the adaptive performance of the 
system has been implemented by a telescopic arrange- 
ment illustrated in Figure 10a where two positive micro- 
optics are combined. If for instance the microoptics of 
the first matrix 10 is composed of squared spherical 
micro! enses with focal F, height H and F number K, 
when the second matrix 1 1 , composed of spherical mic- 
rolenses with focal F/2 and the same F number K, are 
located at a distance F/2 from the first matrix the F 
number of the overall system is halved to K/2. The tech- 
nological implications associated to the fabrication of 
devices with small F numbers needed to obtain the cor- 
rect divergence of the headlamp beam are then equally 
divided in the construction of both two matrices 10, 1 1 . 

The control of the divergence can be obtained by 
varying the spacing between the two matrices 10 and 

II. Figure 13 illustrates the variation of the divergence 
of the' envelope 7 beam exiting the two matrices starting 
from an F number of the overall system equal 2. An 
actuation of few millimetre proved to be sufficient for the 
typical divergence adaptive control of headlamp. 

Figure 10b prooves in comparison with Figure 10a 
the effect of switching from one microoptic 15a of the 
second matrix to another microoptic 15b of the same 
group forming each element 13, in this case from a mic- 
rolenses 15a to a prism 15b illustrated in analogical 
form; the beam, respectively 50a and 50b. changes its 
direction. This situation is particularly exiting useful in 
many cases of driving. 

Claims 

1. Adaptive illumination device, in particular a vehicle 
headlight, able to emit selectively a plurality of light 
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beams with different preset characteristics, of the 
type comprising a light source, a first and a second 
transparent support arranged in front of the source 
and provided, respectively, with first and second 
optical elements, a reflector arranged on the oppo- 
site side from the supports in order to direct towards 
the latter respective light rays emitted by the source 
not directly towards the supports, and actuator 
means for moving the supports relatively in front of 
the source; characterized in that the first optical ele- 
ments are each defined by an individual microoptic 
and are arranged on the first support to form a first 
microoptics matrix able to generate, for each clem- 
ent, a corresponding microbeam controlled in its 
overall geometric characteristics; in combination, 
the second optical elements defining on the second 
support a second microoptics matrix arranged in 
cascade with the first; each said second optical ele- 
ment consisting either in an individual microoptic 
having optical characteristics varying over the area 
covered thereby, or in a group of preset number of 
mutually differing microoptics arranged adjacent to 
one another, and being sized such as the said 
microbeams will be intercepted selectively at differ- 
ent points having different optical properties by the 
second elements consequent upon a relative shift- 
ing (translation, rotation or rototranslation) of the 
two supports, selectively generating the said plural- 
ity of light beams, each of which results from the 
summation of the microbeams emerging from the 
elements of the second matrix. 

2. Adaptive illumination device according to Claim 1 , 
characterized in that each said second optical ele- 
ment of the second matrix is defined by an individ- 
ual hybrid microoptic or by a microoptic so shaped 
at its edge and so sized to have at least two zones 
apt to contribute in a different manner at the beam 
shaping. 

3. Adaptive illumination device according to one of the 
preceding claims, characterized in that the micro- 
optics forming the said first matrix are all mutually 
identical microoptics. 

4. Adaptive illumination device according to any one 
of Claim 1 or 2, characterized in that at least some 
of the microoptics forming the said first matrix differ 
from one another, exhibiting exclusively predefined 
phase variations with respect to one another. 

5. Adaptive illumination device according to Claim 4, 
characterized in that the said phase variations are 
constant, periodic or quasi-periodic. 

6. Adaptive illumination device according to one of the 
preceding claims, characterized in that the micro- 
optics of the said first matrix are each of a type able 
to generate a microbeam having geometrical char- 



10 



acteristics identical to those of at least one of the 
said beams with preset characteristics to be gener- 
ated. 

Adaptive illumination device according to Claim 6. 
characterized in that the first microoptics also con- 
trol at least part of the intensity distribution of at 
least one of the said beams with preset characteris- 
tics, being of a type able to vary the intensity of 
each of the said microbeams individually. 



8. Adaptive illumination device according to .any one 
of the preceding claims, characterized in that the 
microoptics of at least one of the said first and sec- 

is ond matrices have a perimetral outline of a shape 
and dimension such as to determine, independ- 
ently of the optical characteristics of the microoptic, 
a modification of the shape and/or of the intensity of 
the said microbeams. 

20 

9. Adaptive illumination device according to any one 
of the preceding daims, characterized in that the 
said second matrix of microoptics comprises a 
number of microoptics greater than or equal to that 

25 of the said first optical elements of the first matrix of 
microoptics and each have areas greater than that 
projected onto the second matrix by each of the 
corresponding microbeams generated by the first 
matrix of microoptics. 

30 

10. Adaptive illumination device according to Claim 9, 
characterized in that the second optical elements 
forming the second matrix of microoptics are all 
identical to one another. 

35 

11. Adaptive illumination device according to Claim 9, 
characterized in that at least some of the second 
optical elements forming the second matrix of 
microoptics differ from one another. 

40 

12. Adaptive illumination device according to any one 
of the preceding claims, characterized in that the 
microoptics with which the said first and second 
matrices are formed are chosen from the group 

45 consisting in: refractive microoptics. diffractive 
microoptics, hybrid refractive-dtffractive microop- 
tics, respectively of pure phase or of amplitude and 
of analytical or digital type. 

so 13. Adaptive illumination device according to any one 
of the preceding claims, characterized in that the 
said light source is chosen from the group consist- 
ing in: filament, gas. ion discharge or solid-state 
polymeric bulbs; the said reflector being defined by 

55 a reflecting surface generated by revolving one or 
more base curves; and the said device furthermore 
comprising an outer transparent screen arranged in 
front of the said supports so as to be traversed by 
the said plurality of overall beams. 
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14. Adaptive illumination device according to Claim 13, 
characterized in that the said outer transparent 
screen is completely smooth and devoid of any opti- 
cal function. 

15. Adaptive illumination device according to any one 
of the preceding claims, characterized in that the 
microoptics forming the said second matrix com- 
prise prismatic elements of diffractive or microre- 
fractive type. 

16.. Adaptive illumination device according to any one 
of the preceding claims, characterized in that the 
microoptics forming the said second matrix com- 
prise diffractive, refractive or hybrid general aspher- 
ical elements. 

17. Adaptive illumination device according to any one 
of the preceding claims, characterized in that the 
microoptics forming the said second matrix com- 
prise two-level or multilevel or continuous relief pure 
phase binary diffractive elements, of the computer- 
generated hologram type. 

18. Adaptive illumination device according to Claim 17, 
characterized in that the said microoptics of the 
said second matrix comprise elements of the com- 
puter-generated hologram type shaped in such a 
way as to vary the state of polarization of the 
microbeams intercepted by the second matrix 

19. Adaptive illumination device according to any one 
of the preceding claims, characterized in that the 
microoptics forming the said second matrix com- 
prise plane transparent elements of the window 
type, so as not to vary the characteristics of the 
microbeams intercepted thereby. 

20. Adaptive illumination device according to any one 
of the preceding claims, characterized in that the 
microoptics forming the said second matrix com- 
prise structured mtcromasks of the grey levels or 
amplitude binary type?.- 

21. Adaptive illumination device according to any one 
of the preceding claims, characterized in that the 
microoptics forming the said second matrix com- 
prise subwavelength diffractive structures (zero- 
order diffractive structures). 

22. Adaptive illumination device according to any one 
of the preceding claims, characterized in that at 
least the microoptics forming the said second 
matrix are of a type able to generate a high number 
of light spots, for example of the type: fanout grat- 
ings, multi-order gratings. Dammann gratings, and 
their generalizations having symmetrical or asym- 
metrical structures. 



* 

23. Adaptive illumination device according to any one 
of the preceding claims, characterized in that the 
microoptics of the first matrix exhibit dispersive 
chromatic characteristics opposite to those of the 

5 corresponding microoptics of the second matrix. 

24. Adaptive illumination device according to any one 
of Claims 1 to 21 , characterized in that the microop- 
tics of the first matrix are exclusively of refractive 

io type. 

25. AdaptrveJIIumination device according to any one 
of Claims 1 to 21 , characterized in that at least one 
of the said first and second matrices of microoptics 

is consists exclusively of pure-phase microoptics of 
the kinoform type of higher order than the first one. 

26. Adaptive illumination device according to any one 
of Claims 1 to 21 . characterized in that the microop- 

20 tics of the second matrix are monofocal microoptics 
which differ from one another and are distributed in 
the second matrix in such a way as to correct the 
chromatic aberrations present in the microbeams 
around preset wavelengths. 

25 

27. Adaptive illumination device according to any one 
of Claims 1 to 21 . characterized in that at least one 
of the said first and second matrices of microoptics 
is composed of multifocal microoptics. 

30 

28. Adaptive illumination device according to Claim 22, 
characterized in that the microoptics of the second 
matrix are able to produce a partial superposition 
between the light spots generated by the first 

35 and/or the second optical elements such as to 
determine a far field correction of the chromatic 
aberrations present in the said microbeams. 

29. Adaptive illumination device according to any one 
40 of the preceding claims, characterized in that the 

said actuator means are able to shift one or both of 
the said supports with respect to the said source. 

30. Adaptive illumination device according to any one 
45 of the preceding claims, characterized in that the 

said actuator means comprise at least one trans- 
ducer chosen from the group consisting in: electro- 
mechanical, piezoelectric, polymorphic, 
magnetorestrictive. electrostatic transducers. 

50 

31. Adaptive illumination device according to any one 
of the preceding claims, characterized in that the 
said actuator means are controlled by a central 
control unit connected to at least one of the follow- 

55 ing sensors: steering angle sensor, vehicle speed 
sensor, meteorological conditions sensor. 
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